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Summary
Objective: This study employed immunohistochemistry to investigate the pattern of type II collagen (CII) degradation in an acute injury model
of osteoarthritis. It was hypothesized, based on previous studies of primary osteoarthritis (OA), that the worst areas of CII degradation would
be located in the superficial and upper middle zones of the articular cartilage, with staining extending into the deep zone as the OA became
more severe.
Design: In this model of secondary OA, rabbits were made osteoarthritic by transecting the anterior and posterior cruciate ligaments and
removing the meniscus. At various times post surgery, articular cartilage was examined for CII degradation using monoclonal antibody
18:6:D6. This antibody reacts to an epitope that is exposed when CII is degraded as the result of protease cleavage. Proteoglycans (PG)
were localized using Safranin-O/Fast Green. Staining intensities were quantitated using image analysis software.
Results: In the joints with surgically induced OA, degradation of CII was seen as early as 3 weeks with the majority of the degradation
localized in zones I and III. At 14 weeks the destruction of CII was more pronounced, but there was a surprising lack of degradation in zone
II. There were also several other unexpected findings. The sham-operated joints, for example, were intended to serve as controls yet CII
degradation was observed in rabbits killed 3 weeks after surgery. It was also expected that greater CII degradation would occur in cartilage
from medial condyles, but after 14 weeks there was no significant difference between medial and lateral condyles. Finally, the loss of staining
for PG correlated with the degradation of CII except in zone III where limited PG loss was observed.
Conclusion: Differences were observed between the pattern of articular cartilage destruction in this model of secondary OA and that of
primary OA. Further investigation of the mechanical and biochemical processes underlying the development of both types of OA needs to
be conducted. © 1999 OsteoArthritis Research Society International
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Osteoarthritis (OA) is the most widespread connective
tissue disorder which affects diarthrodial joints. Whilst the
majority of OA is classified as idiopathic, or primary, a
significant number of cases are the result of posttraumatic,
or secondary, OA. Unlike primary OA in which the etiology
and pathogenesis is still undefinable, secondary OA typi-
cally develops as a result of joint injury (either acute
or chronic), infection, or sometimes subsequent to a
metabolic, developmental, or inherited disorder.1,2
An understanding of the process by which articular
cartilage degenerates in OA depends on understanding
both the biologic behavior of the different tissue compo-
nents and the multi-level structural framework into which
they are organized. Light and low-power electron
microscopy studies have shown articular cartilage to have
three distinct structural zones that reflect morphological
differences in chondrocytes and matrix. The superficial
tangential (zone I), the middle transitional (zone II), and the539deep radial (zone III) zones have been described as
constituting approximately 10–20%, 40–60%, and 30%,
respectively, of the articular cartilage thickness.3,4 Although
these zones cannot be sharply defined, biologic and mech-
anical studies have demonstrated that zonal organization
has functional importance.5,6 There is also evidence that
chondrocytes, depending on their zonal location, may differ
in their synthesis of specific matrix metalloproteinases
(MMPs), the enzymes responsible for the degradation of
cartilage collagens and proteoglycans (PGs).7
Histochemical studies of cartilage PGs date back more
than 25 years and include the use of dyes such as Toulidine
Blue and Safranin-O.8 It is only recently, however, that
immunohistochemical techniques have become available
to examine the degradation of collagen type II (CII) in
articular cartilage. Poole and his colleagues were among
the first to employ polyclonal and then monoclonal anti-
bodies which react only with an epitope on the collagen 1(II) chains that is exposed when the helix is degraded and
unwound.9,10 Using this technique on human specimens
obtained at autopsy and arthroplasty, it was found that in
both aging and OA the first damage to CII occurs in the
superficial and upper middle zones and extends into the
deeper zones with increasing degeneration as measured
by the Mankin grading scale. Initial damage is always seen
around chondrocytes in the pericellular region.10–12 This
study examined CII degradation in an acute injury model of
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examine the pattern of CII degradation, as well as the loss
of PG, in articular cartilage from femoral condyles. In this
model CII degradation was observed primarily in the super-
ficial and deep zones of articular cartilage, with less intense
degradation in the middle zone. Additionally, we found that
increased detection of denatured CII was not always
associated with decreased staining of PG in all zones.Hollander et al.Materials and methods
Mature New Zealand White rabbits weighing 3.6–4.3 kg
were used in this study. Two rabbits served as control
animals, and the remaining 13 were divided into two groups
after surgery: a group of three killed 3 weeks following
surgery, and a group of 10 killed 14 weeks after surgery.OSTEOARTHRITIS MODEL
The Hulth-Telhag model of experimental OA was used.13
The surgical procedure for the experimental groups was
performed under sterile conditions in an animal surgical
suite under general endotracheal anesthesia (Halotane
2%). Intramuscular antibiotic (Enrofloxacin 5 mg/kg) was
administered. A midline skin incision was then made over
the right knee and a medial parapatellar incision was made
through the retinaculum. The medial collateral ligament
was sharply divided. A medial parapatellar arthrotomy was
then performed and the patella dislocated laterally. Care
was taken to protect and retract the vascular intraarticular
fat pad. With the knee flexed, the anterior cruciate ligament
and the posterior cruciate ligament were transected. The
knee joint was then dislocated to excise the medial menis-
cus. The joint was irrigated with sterile saline solution. The
capsule and the synovium were then closed together with a
4.0 interrupted Vicryl and the skin was closed. A sham
procedure was performed on the left hind limb to serve as
a control within the same animal. An arthrotomy was
carried out as described. After dislocating the patella later-
ally, the knee was irrigated, but the ligaments and menisci
were left intact. Post-operative, the rabbits were kept in
single-subject cages for 4 days and analgesics (Buprenex)
were administered as needed. The rabbits were allowed to
bear weight as tolerated. After four days, the rabbits were
transferred to three large, free-roaming communal cages
(10×15 feet) where they had unlimited activity. Five rabbits
were randomly assigned to each cage. Three rabbits were
killed at 3 weeks after surgery and 10 were killed 14 weeks
after surgery.SOURCE AND PREPARTION OF TISSUE
Samples of articular cartilage from the central portion of
the weight bearing areas of the medial and lateral condyles
were scraped with a scalpel from Hulth-Telhag operated
(Op) femurs, sham-operated (Sham) femurs, and non-
operated control (Con) femurs. Care was taken to obtain
specimens from consistent locations. In some cases, how-
ever, full-thickness erosion of the articular cartilage was
found and cartilage samples had to be obtained from
adjacent regions. Upon gross examination it was observed
that the regions of most severe cartilage damage varied
between rabbits. Specimens were imbedded in O.C.T.
medium, frozen, and stored in liquid nitrogen until used.
Serial sections were cut 6-m thick from the frozen speci-mens using a Tissue-Tek II cryostat at −25°C. Sections
were placed on Fisherbrand Superfrost Plus glass micro-
scope slides precoated with 2% aminoalkylsilane as
described by Henderson.14 The use of precoated slides is
important in order to ensure complete adherence of the
tissue to the slides. Incomplete adherence results in non-
uniform immunoreactivity of the monoclonal antibody and,
consequently, false staining patterns as described by
10IMMUNOHISTOCHEMISTRY
A monoclonal antibody, 18:6:D6, was used to detect
denatured CII.15 The procedure employed to detect dena-
tured CII is similar to that of Dodge and Poole9 and
Hollander et al.10 18:6:D6 is a mouse IgG2b that reacts with
an epitope that is exposed in denatured CII when the triple
helix opens up as the result of protease cleavage. This
antibody was made against CB 9.7 fragment of type II
collagen and reacts with epitope on CB 9.7 and repeated
epitope on CB11. Using previously described methodolo-
gies, it was shown to be specific for denatured CII colla-
gen.16 Using inhibition ELISA, it was shown that it does not
react with native (helical) CII. C4F6, a monoclonal antibody
which reacts specifically with the triple helical CII, was used
to detect native CII.17
Tissue slide sections from each rabbit group (Con, Sham
lateral and medial condyles, and Op lateral and medial
condyles) were stained in duplicate with either 18:6:D6 or
C4F6 diluted in phosphate buffered saline (PBS) to a final
concentration of 12 g/ml IgG. After extensive trials with
different dilutions, this concentration was determined to be
optimal for both antibodies to achieve adequate staining.
Sections were first treated for 30 minutes at room tempera-
ture (RT) with 50 l/section of 1 mg/ml hyaluronidase,
obtained from sheep testes and prepared in PBS (Sigma
Chemical Co.). Hyaluronidase was used in order to remove
PGs and to increase the permeability of the extracellular
matrix. Sections were then incubated with 50 l/section of
either 18:6:D6 or C4F6 for one hour at RT in a humidified
chamber. Two sections from each group were also incu-
bated with PBS instead of the first antibody to serve as a
negative control. Sections were washed with PBS with
0.05% tween and then incubated for one hour at RT in a
humidified chamber with 50 l/section of a goat anti-mouse
peroxidase-labelled IgG (Biorad Laboratories). After
washing, peroxidase activity was detected with H2O2 and
3,3-diaminobenzidine and 4-chloronapthol (DAB-CN).
Additional sections were denatured at 43°C and stained
with 18:6:D6 to test the antibody’s binding affinity to dena-
tured CII. Finally, all sections were covered with glycerol
vinyl alcohol (GVA) aqueous mounting solution (Zymed
Laboratories, Inc.) and coverslipped. Slides were immedi-
ately photographed as described below and then stored at
−20°C.STAINING FOR PROTEOGLYCAN
Paired serial sections from the same specimens that
were stained with monoclonal antibodies (see above) were
stained for PG using Safranin-O. The 6-m sections were
first fixed in 10% neutral buffered formalin for 5 minutes and
then washed in PBS for 3 minutes. The slides were then
submerged in 0.2% Safranin-O (pH 5.7) for 8 minutes and
rinsed in distilled H O. Sections were counterstained with2
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prepared. An additional set of slides was stained with one
modification, between the Safranin-O and Fast Green
steps, the slides were dipped once in 0.5% acetic acid and
then in distilled H2O to ensure that any unbound Safranin-O
had been washed away. Similar results were obtained with
both staining procedures.and the amount of proteoglycan present.IMAGE ANALYSIS
Stained sections were examined and digitally photo-
graphed at 200× using a Zeiss photomicroscope coupled
to a Sony 3CCD color video camera (model DXC-960MD)
and RasterOps frame-grabber hardware (model 24XLTV).
Photographs were captured on a Power Macintosh
7100/66 using IP Lab Spectrum 3.0 software (Signal
Analytics Corporation, Vienna, VA). Image brightness, con-
trast, and magnification were kept constant for all video
captures. This software was also used to reduce the
background of each image and to quantitatively analyse the
images for various parameters described below. Computer
image analysis was also carried out using the software NIH
Image 1.6 (National Institutes of Health, Bethesda, MD) as
described below.Sections stained with 18:6:D6, C4F6, or without first
antibody
These sections were measured for average staining
intensity (mean gray scale) using NIH Image 1.6. In order to
achieve greater image uniformity, all images were first
converted into gray scale with a value table ranging from 0
to 255. The merits of computer image analysis and the use
of the NIH Image software has been investigated and
discussed by Shimizu et al.18 After conversion to gray
scale, image background was again eliminated via a ‘sub-
tract background’ command in the software. Any residual
background was recorded by measuring areas of the field
adjacent to the tissue section. The average staining inten-
sity was measured across the full thickness of the speci-
men, as well as within each articular zone. First, slices
perpendicular to the articular surface and extending across
the cartilage’s full thickness, were measured. Five such
measurements, spread out over the tissue section, were
recorded and the mean calculated. The average staining
intensity of each of the three zones of articular cartilage
was recorded, with three measurements being made in
each zone, and the means for each zone calculated. Zone
I was defined as the superficial (tangential) 10–20%, zone
II as the middle 40–60%, and zone III as the deep 30%.4
These percentages are approximations and, consequently,
determination of zonal ‘boundaries’ was aided by visual
observation of the morphological characteristics of
chondrocytes (see Results). Values obtained from the
negative controls (sections incubated without antibody)
were subtracted from values obtained from sections
stained with 18:6:D6 or C4F6 in another attempt to elimi-
nate any possible non-specific staining. To determine the
percent of total cartilage area stained by 18:6:D6, IP Lab
Spectrum 3.0 was used. A thresholding function was
applied to the original color image and the section was
measured for the percentage of total area occupied by the
highlighted pixels. In all cases of image analysis, artifact
present within the cartilage sections was disregarded.Sections stained with Safranin-O/ Fast Green
Using IP Lab Spectrum 3.0, these sections were
measured only for the percent of total cartilage area stained
by Safranin-O. Measurements were obtained in the same
way as described above, and equivalent techniques are
discussed in greater detail by Shimizu et al.18 The average
staining intensity of Safranin-O in these sections was not
measured because Shimizu et al. demonstrated that there
is no significant correlation between the staining intensity
18Statistical analysis
All data were analysed by InStat 2.0 (GraphPad
Software, 1993). Two-tailed Mann-Whitney U-tests were
performed to compare the means of the various par-
ameters measured for the different groups of specimens.ResultsQUALITATIVE OBSERVATIONS OF CARTILAGE SECTIONS
A smooth, uninterrupted surface was seen in the majority
of Con and Sham articular cartilage sections. A few of the
Sham sections, however, did show some surface rough-
ness. The chondrocytes of both Con and Sham sections
appeared consistent with current descriptions of normal
articular cartilage.3 The cells of zone I had a flattened
elipsoid shape whose long axes were arranged parallel to
the articular surface. Below the superficial zone, the cells
took on a more spherical appearance and in zone III they
were aligned in columns perpendicular to the joint surface.
In sections obtained from Op specimens, varying degrees
of surface disruptions were seen, ranging from a rough
articular cartilage surface to surface fibrillations to fissures
that extended deep into zone III. Clustering of chondro-
cytes was observed and the cells’ arrangement was more
random than in Con and Sham cartilage. In 3-week speci-
mens, cartilage from the medial condyle appeared to be
more severely damaged, whereas cartilage from 14-week
animals appeared equally damaged on both medial and
lateral condyles. It was often difficult to obtain cartilage
from the weight-bearing surface of the 14-week
specimens because the cartilage was eroded to the bone;
consequently, samples were taken from adjacent areas.DETECTION OF DENATURED TYPE II COLLAGEN
NIH Image 1.6 was used to measure gray scale intensity
of the staining for denatured CII. The specificity of 18:6:D6
was demonstrated by its dark and uniform staining of
heat-denatured cartilage sections. Visually, these sections
appeared similar to sections stained with C4F6, and quan-
titatively, average staining intensity was virtually identical to
values obtained from untreated Con sections stained with
C4F6.
In Con cartilage there was extremely weak uniform
staining with 18:6:D6 as compared to the zonal staining
pattern on 14-week Op samples [Fig. 1(a), (b)]. Sham
cartilage of the 3-week group showed a statistically signifi-
cant greater full thickness mean staining intensity
(P<0.005). In these 3-week sections, staining was most
intense in zones I and III and significantly higher gray scale
values were obtained from sections of medial condylar
542 J. N. Rogart et al.: Collagen degradation in osteoarthritisFig. 1. Staining of articular cartilage specimens. Articular cartilage samples were taken at the times indicated from surgical (Op) and
Sham-operated (Sham) rabbit femoral condyles. Samples were stained with either 18:6:D6, C4F6, or Safranin-O as indicated below. The
articular surface of each sample is at the top of the image. Asterisk (*) indicates positive staining for 18:6:D6. (a) control, 18:6:D6; (b) Op,
18:6:D6, 14 week; (c) Sham, Safranin-O, 14 week; (d) Op, Safranin-O, 14 week. (b) was obtained from the area just adjacent to the
weight-bearing area of the condyle because the cartilage at the weight-bearing area was fully eroded to the bone.cartilage than from lateral cartilage (P<0.0001), as is
shown in Figs 2(a), (b) and 3(a). In Sham cartilage of the
14-week group, there was a low amount of staining similar
to that of the Con cartilage.
Both 3- and 14-week Op samples showed significantly
higher full-thickness average staining intensities when
compared to Con samples (P<0.0001), with significantly
darker staining seen in zones I and III (P<0.005). Signifi-
cantly darker full thickness staining was also found when
comparing Op specimens in the 3- and 14-week groups to
their Sham counterparts (P<0.005 and P<0.0001, respect-
ively), as is shown in Fig. 2(c) and (d). Surface staining was
sometimes lost in specimens with severely damaged carti-
lage. When examining zonal staining, staining intensities of
zones I, II, and III of 14-week Op specimens were signifi-
cantly higher than those of 14-week Sham samples
(P<0.0001). Staining intensities in all three zones of
3-week Op specimens, however, were not significantlyhigher than the corresponding zones in the 3-week
Sham samples. Medial condylar cartilage of the Op 3-week
samples, as shown in Fig. 3(b), like that of the
Sham samples, was more intensely stained than lateral
condylar cartilage in zones I and III (P<0.01). The 14-week
Op samples, however, showed staining intensities to be
slightly higher, though not statistically significant, for lateral
condylar cartilage. Average staining intensities for 14-week
Op samples were significantly higher than their 3-week
counterparts only in zones I (P<0.005) and III (P<0.01) of
lateral specimens.
Analysis of the percentage of total cartilage area stained
by 18:6:D6, as shown in Fig. 4, demonstrates patterns
similar to those seen with average staining intensity values.
Three-week Sham specimens had a significantly higher
percent area stained than Con specimens (P<0.005), while
14-week Sham specimens did not. Both 3-week and
14-week Op samples showed staining over significantly
Osteoarthritis and Cartilage Vol. 7 No. 6 543larger areas than Con samples or Sham samples
(P<0.001). Fourteen-week Op samples, however, did not
show a significantly higher percent stained than 3-week Op
samples.STAINING FOR PROTEOGLYCANQualitative observations
Cartilage sections stained with Safranin-O are shown in
Fig. 1(c) and (d). Con cartilage and most of the Sham
samples stained deep red and uniformly with Safranin-O.
Occasionally sporadic, small patches of weakly stained
cartilage were seen in zone III of the Sham sections. Weak
staining just beneath the articular surface in the upper part
of zone I was sometimes observed in 14-week Sham
sections. In the 3-week Op samples, approximately one
third of the sections showed loss of staining uniformly in
zones I and II, one third showed a loss sporadically in zone
III, and one third demonstrated a loss in all three zones with
the only staining seen in the pericellular and territorialregions in zones II and III. In 80% of the 14-week Op
samples, loss of Safranin-O staining was seen in zone I
and much of zone II, although pericellular and territorial
staining was still seen in zone II. In approximately half of
the Op tissue sections, sporadic unstained areas were
seen in zone III although, again, pericellular and territorial
staining remained. In one Op section there was complete
loss of all staining and in another section only pericellular
and territorial staining was seen.Fig. 2. Staining for denatured type II collagen across the full thickness of articular cartilage specimens and within each zone. Articular
cartilage samples were taken at the times indicated from surgical (Op) and Sham-operated (Sham) rabbit femoral condyles. Values represent
mean gray scale intensity±SE. (a) 3 week Sham sections, N=6; (b) 14 week Sham sections, N=20; (c) 3 week Op sections, N=6; (d) 14
week Op sections, N=20. Staining was always more prominent in zones I and III than in zone II. Staining intensities for the 3 and 14 week
Op groups were significantly higher than their Sham counterparts (P<0.005 and P<0.0001, respectively). 3 week Sham sections stained
significantly darker than 14 week Sham sections (P<0.0001).Quantitative results
Quantitative results of PG staining are shown in Fig. 5.
Con cartilage was stained by Safranin-O over an average
of 92.1% of its total area; the mean percent stained for 3-
and 14-week Sham sections was only slightly lower at
89.3% and 86.9%, respectively. There were no significant
differences between cartilage from medial and lateral con-
dyles. Both 3- and 14-week Op samples showed a statisti-
cal decrease in staining by approximately 50% when
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ing a loss of PG consistent with the disease process of OA.
There were no significant differences between medial and
lateral Op specimens. Additionally, there were no signifi-
cant differences between 3- and 14-week Op samples.Fig. 3. Comparison of staining for denatured type II collagen in articular from 3 week lateral and medial femoral condyles. Articular cartilage
samples were stained with antibody 18:6:D6. Measurements were taken across the full thickness of articular cartilage sections and within
each zone. Values represent mean gray scale intensities±SE. (a) Sham-operated (Sham) sections; (b) surgical (Op) sections. In both Sham
and Op sections, cartilage from medial femoral condyles was stained significantly darker than lateral condylar cartilage across the full
thickness of the articular cartilage, as well in zones I and III (P<0.01).Fig. 4. Percent of total articular cartilage area occupied by dena-
tured type II collagen. Non-surgical control (Con), surgical (Op),
and Sham-operated (Sham) sections were taken at the times
indicated and stained with antibody 18:6:D6. Values represent the
mean percent area stained±SE. N=20 each for 14 week speci-
mens, N=6 each for 3 week specimens, and N=2 for Con
specimens. Op specimens from both 3 and 14 weeks show a
significantly higher percentage of cartilage stained than both their
Sham counterparts and Con specimens (P<0.001).Fig. 5. Percent of total articular cartilage area stained by
Safranin-O. Non-surgical control (Con), surgical (Op), and Sham-
operated (Sham) sections were taken at the times indicated and
stained for the presence of proteoglycans with Safranin-O. Values
represent the mean percent area stained±SE. N=20 each for 14
week specimens, N=6 each for 3 week specimens, and N=2 for
Con specimens. Op sections were stained over a significantly
smaller area than Sham or Con sections (P<0.0001).Discussion
In this present study, the Hulth-Telhag rabbit model of OA
was used to simulate a severe, acute knee injury followed
by a disease process resulting in secondary OA.13 Experi-
mentally induced OA in animals has been used for many
years to study the disease. Surgical destabilization of the
animal knee joint has been shown to lead to OA.13,19–24The Hulth-Telhag procedure leads to a much more rapid
disease process that may be more representative, for
example, of human athletic knee injuries. The animal model
of OA used in this study, although excessive compared to
other methodologies, produces a clearly defined progres-
sion of events that is amenable to histochemical and
biochemical analysis.
In previous studies utilizing immunohistochemistry to
localize the denaturation of CII in OA articular cartilage, it
was found that CII was first degraded in the superficial and
upper middle zone, as well as in pericellular regions.9,10
Specimens in those studies were obtained from human and
bovine articular cartilage and damage to the cartilage
probably reflects a disease process consistent with pri-
mary, chronic OA. The most surprising finding in this
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While both this study and previous studies found initial CII
degradation in zone I of OA articular cartilage, we also
observed CII degradation in zone III, but not in zone II as
previous studies have found. In fact, 18:6:D6 staining
intensities were higher, though not statistically significant,
for zone III than for zone I. It was usually only with
increasingly damaged cartilage that CII degradation was
observed in zone II. It is probable that the differences result
from the fundamental differences between the acute Hulth-
Telhag model and human primary OA. While the authors
assume that the differences in this study’s results com-
pared to previous studies9,10 is due primarily to the different
OA model used (Hulth-Telhag), it is possible that the
differences in the epitopes recognized by the different
antibodies employed in each of the studies may be the
cause for these differences. Future research comparing the
two epitopes in the Hulth-Telhag model of OA therefore
needs to be conducted.
Some of the later heavily damaged denatured CII
samples showed reduced staining in zone I. This was also
observed by Hollander et al. in some of the more severely
damaged specimens.10 It is possible that as the articular
surface became more disrupted, collagen epitopes
detected by 18:6:D6 were lost via diffusion out of the
cartilage matrix into the synovial fluid. It is possible, then,
that 18:6:D6 is most sensitive at detecting earlier rather
than later CII degradation, especially when measuring the
results of immunohistochemistry in a quantitative manner.
The model of OA used in this study most closely resembles
secondary OA resulting from an acute knee injury. In
previous studies the inciting injury or etiology of the OA was
usually unknown and the disease process resulting most
likely resembled primary OA. It appears probable that the
pathogenesis of primary and secondary OA differs in terms
of the zonal patterns of CII degradation.
Previous studies have shown that in a rabbit model of
OA, articular cartilage of medial femoral condyles sustains
much more damage than lateral condyles.25,26 In this
study, average staining intensity of 3-week denatured CII
specimens was indeed higher for medial condylar cartilage.
In 14-week samples, however, the differences between the
means of lateral and medial groups were not statististically
significant. It is possible that as a result of the damage to
cartilage on the medial condyle, the lateral condyle started
to act as the primary weight-bearing surface and, after 14
weeks, the damage to both condyles equilibrated. In some
cases, articular cartilage could not be obtained from the
worst-damaged areas of 14-week Op femoral condyles
because there was no cartilage left to take. It is therefore
possible that articular cartilage taken from the worst areas
of lateral condyles was damaged only as extensively as
was articular cartilage taken from areas adjacent to the
denuded areas of medial condyles. Interestingly, the differ-
ences in the percent area stained by Safranin-O between
lateral and medial condylar cartilage of both the 3- and
14-week groups were not significant.
The sham surgery in this study was designed to serve as
a control within the same animal. We found that the sham
procedure itself, however, may have resulted in some early
CII degradation, as evidenced by the high 18:6:D6 staining
intensities and percent area stained in the 3-week Sham
tissue sections. After 14 weeks the staining intensities
returned to a low level, almost identical to cartilage from
Con rabbits. Mehraban et al. also observed that the Sham
limb does not serve as a true control and suggests that the
sham surgery causes a release of cytokines or otherfactors from the soft tissues, thereby eliciting tissue
responses that makes comparisons between surgical
specimens and Sham specimens statistically insignifi-
cant.27 Alternatively, the 18:6:D6 staining intensities for the
3-week Sham specimens might be high because in the first
few weeks post-surgery the rabbits used the better func-
tional Sham limb more than the Op limb. This would
increase the weight the Sham knee had to bear, and thus
stimulate inflammation due to the sham procedure.
There is an inherent variablility in cartilage grading
systems such as the one developed by Mankin11 and the
one used by Hollander et al.10 As the differences in
cartilage quality or staining intensity become more subtle,
the subjectivity of the grading inevitably increases. In order
to obtain a more objective analysis of the histochemistry
and immunohistochemistry carried out in the current study,
computerized image analysis was performed yielding semi-
quantitative results. The merits of computerized image
analysis, particularly using NIH Image 1.6, are discussed in
detail by Shimizu et al.18 As indicated in Methods, cartilage
specimens were not always obtained from consistent sites
on the femoral condyles. When possible, cartilage was
taken from the middle of the weight-bearing area because
this area has been shown to sustain the most damage in
OA. In some rabbits of the 14 week group, however, there
was no cartilage left in this area or it was too badly eroded
to cut a coherent specimen. Furthermore, it is important to
understand that OA is very much a focal disease; studies
have shown that there is tremendous variation in the
severity and location of OA lesions between animals and
between condyles of the same femur. The smaller sample
size of the 3-week group is consequently one limiting factor
of this study when trying to make comparisons with the
14-week group. Additionally, there is evidence that CII
denaturation and histochemistry can signficantly vary
within individual condyles,10,11 thus making adequate sam-
pling of tissue difficult and therefore a limiting factor of such
a technique.
There is evidence that the production of MMPs by
chondrocytes varies with the position of the chondrocyte in
articular cartilage and the extent of the cartilage dam-
age.7,28 It is possible that different MMPs are responsible
for destruction of the articular cartilage matrix in different
zones. Chondrocytes have the capacity to synthesize three
collagenases that can cleave the collagen triple helix:
MMP-1, MMP-8, and MMP-13.29–31 Freemont et al. studied
the gene expression by chondrocytes of MMP-1 in OA
human femoral cartilage obtained at the time of knee
replacement. The amount of MMP-1 mRNA was found to
be the greatest in zone I and lowest in zone III of OA
cartilage.7 These results are consistent with more recent
studies by Walter et al.28 Further studies are needed to
examine the distribution of MMP-13 in the acute rabbit
model, as well as other enzymes such as cathepsin K that
may be involved in CII degradation.32
The relationship between the degradation of CII and the
loss of aggrecan in OA articular cartilage remains to be
established. In OA there are increases in MMP activities
such as MMP-3 and MMP-7 capable of degrading proteo-
glycans in articular cartilage, and the greatest quantities
are found in the superficial zones.28,33. Hollander et al.
observed a correlation between CII degradation in zone I
and loss of staining for PG.20 This is not a surprising finding
if one views the collagen network as an important scaffold-
ing to which aggrecan molecules are anchored. Conse-
quently, when there is damage to collagen fibrils, there is
an accompanying loss of aggrecan, which when located in
546 J. N. Rogart et al.: Collagen degradation in osteoarthritiszone I can easily diffuse into the synovial fluid of the joint. In
the current study a similar pattern was seen in zone I;
however, in zone III uniform loss of Safranin-O staining was
rarely seen despite increased CII degradation. One expla-
nation for the lack of correlation between CII degradation
and PG loss in zone III might be the distance from the
articular surface, making it is more difficult for large aggre-
can molecules to diffuse out of the cartilage. This interpret-
ation is supported by the fact that zone III has the highest
PG content of all the zones3 and that PG degradation
products increase in content mainly in this deep zone.34,35].
When there was uniform loss of Safranin O staining in zone
II or III, the only location where staining remained was in
the pericellular and territorial regions. Hollander et al.
observed similar PG staining in the matrix around chondro-
cytes particularly between areas that stained positive for
CII degradation and areas that did not.10 PG staining in
these areas might reflect an increase in PG synthesis by
the chondrocyte or the fact that the pericellular region is
normally very rich in PG compared to the other regions of
the matrix. More research into the dynamic interactions
between CII fibrils and aggrecan molecules during OA
needs to be conducted.References
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